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THE USE OF RIGID POLYURETHANE FOAM AS A LANDMINE BREACHING TECHNIQUE
Albert L. Alba-Captain, United States Army
B.S., United States Military Academy, 1989

Master of Science in Applied Physics-December 1997
Advisor: Xavier Maruyama, Department of Physics

Second Reader: R. Woodfin, Exploratory Sensors and Fuzing Department, Sandia National Laboratory

 The results of a feasibility test using Rigid Polyurethane Foam (RPF) as an operational anti-personnel mine counter-mine
technique are presented.   RPF, at a given density and thickness, can withstand the explosive effects of anti-personnel blast
mines and mitigate or neutralize the effects of surface laid anti-vehicular mines. A 12-inch thick, 4 pound per cubic foot
foam block completely contained a 10-gram explosive charge of PETN while a 30-inch foam block with the same density
contained a 30-gram charge.  A 24-inch thick pad supported 50 passes of an M88A2 Recovery Vehicle, crushing the foam
no more than 2-3 inches throughout the length of a 56-foot foam roadway.  Underneath this roadway, simulated land mines
set at 14 psi were not triggered by the passage of an M88A2 and a HMMWV.  Our experiments indicate that RPF can
provide additional traction in muddy conditions and set-off explosives connected to trip wires.  The pressure and trafficability
experiments were conducted at the Waterways Experiment Station, Vicksburg, MS, in July-August 1997, and the explosive
experiments were conducted at the Energetic Materials Research and Testing Center (EMRTC) of the New Mexico Institute
of Mining and Technology, Socorro, NM, in August and October 1997.

KEYWORDS: Explosives, Landmines, Rigid Polyurethane Foam, Countermine

DoD KEY TECHNOLOGY AREAS: Materials, Processes, and Structures, Conventional Weapons

SUPERSONIC FLOW PAST TWO OSCILLATING AIRFOILS
Georgios Alexandris-Major, Hellenic Air Force

B.S., Hellenic Air Force Academy, 1983
Master of Science in Applied Physics-June 1998

Advisors: M. F. Platzer, Department of Aeronautics and Astronautics
 James Luscombe, Department of Physics

Kevin Jones, Department of Aeronautics and Astronautics

Supersonic flow past two oscillating airfoils with supersonic leading edge locus is analyzed using an elementary analytical
theory valid for low frequencies of oscillation. The airfoils may have arbitrary stagger angle. This approach generalizes
Sauer’s solution for a single airfoil oscillating at small frequencies in an unbounded supersonic flow.

It is shown that this generalization can provide an elementary theory for supersonic flow past two slowly oscillating
airfoils. This aerodynamic tool will facilitate the evaluation of pressure distributions and consequently the calculation of
moment coefficient. Torsional flutter boundaries are computed. The results for the pitch-damping coefficient are the same
when compared with previous analysis. For arbitrary frequencies a linearized method of characteristics was outlined.

The elementary theory that has been developed in the thesis can be used for flutter evaluation of aircraft carrying
external stores. The result of the thesis is the derivation of the pitch-damping coefficient which is necessary to predict the
flutter conditions.

DoD TECHNOLOGY AREA: Air Vehicles

KEYWORDS: Flutter Analysis, Structures
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TRANSIENT LOCALIZATION IN SHALLOW WATER ENVIRONMENTS
Joachim Brune-Lieutenant, German Navy

B.S., University of German Armed Forces Hamburg, 1990
Master of Science in Electrical Engineering-March 1998
Master of Science in Engineering Acoustics-March 1998

Advisors: Kevin B. Smith, Department of Physics
 Ching-Sang Chiu, Department of Oceanography

 Ralph Hippenstiel, Department of Electrical and Computer Engineering

In this work, the robustness of a simple, Bartlett-type processor based on matching broadband signal autocorrelation func-
tions is investigated. Measures of robustness to be examined include the size of the localization footprint on the ambiguity
surface and the peak-to-sidelobe levels in the presence of environmental mismatch and noise. A full-wave PE model is used
to produce broadband replicas. Both model-generated synthetic signals, which provide baseline results, and measured
pulses in a shallow water environment are analyzed.

     This work suggests that environmental mismatch has a more significant effect on the localization performance than
noise. It also suggests that, as long as the noise level is not higher than the signal level, the localization performance will not
be significantly affected. This is to be expected, since for white noise the majority of the influence on the autocorrelation
function occurs at zero lag which has been removed in the localization algorithms. It is also shown that the autocorrelation
matching in the time-domain is generally more useful for smaller bandwidths at low frequencies, which has been observed
in previous work, whereas the autocorrelation matching in the frequency-domain is better suited for larger bandwidths and
higher frequencies.

DoD KEY TECHNOLOGY AREA: Modeling and Simulation

KEYWORDS: Autocorrelation Matching, Transient Localization, Shallow Water

 MODELING A JOINT COMBAT IDENTIFICATION NETWORK
Scott A. Davis-Lieutenant, United States Navy

B.S., Purdue University, 1991
Master of Science in Systems Engineering-December 1997

Advisors: John Osmundson, Command, Control, and Communications Academic Group
Gordon E. Schacher, Department of Physics

Today’s battlefield is much more heterogeneous than in the past.  With the emphasis on joint operations both within the U.S.
military and in consort with coalition nations, the need for communications and sharing of tactical information across
service and national boundaries has never been greater.  A combat identification (CID) network that enables force’s posi-
tions on the battlefield to be displayed at the appropriate granularity for the various levels of commanders would be a
valuable tactical and strategic asset.
     This thesis explores the possible network architectures and protocols available to implement such a system and deter-
mines, through modeling and simulation, the optimal design to minimize time performance of the flow of information
through the network.  Using a realistic scenario as a basis, system-engineering principles were used to generate an optimal
network architecture from the design parameters chosen.  The optimal design was determined to be a network consisting of
an Asynchronous Transfer Mode (ATM) access type, asymmetric transmit and receive of messages, and network flow
control implementation.  Additionally, units on the battlefield should be grouped together by type within a region and the
highest bandwidth possible should be used.

KEYWORDS: Combat Identification, Situational Awareness, Combat ID, Network Modeling

DoD KEY TECHNOLOGY AREAS: Battlespace Environments, Command, Control and Communications, Modeling
and Simulation



1998 THESIS ABSTRACTS

37

INVESTIGATION OF A SHIPBOARD WATER SCREEN FOR INFRARED
GUIDED CRUISE MISSILE DEFENSE

Thuy H. Do-Lieutenant, United States Navy
B.S., Purdue University, 1991

Master of Science in Applied Physics-June 1998
Advisors: Robert C. Harney, Department of Physics

Alfred W. Cooper, Department of Physics

The most serious threat any modern ship faces on the modem battlefield is the proliferation of anti-ship missiles. As
technology advances, it is certain that these missiles will only become smarter and more lethal. Many of these missiles will
employ infrared (IR) seekers (stand alone or in conjunction with radar) to improve target classification and recognition, as
well as to defeat conventional RE seeker countermeasures.

This research investigates the use of IR signature suppression from a water screen to delay detection, cause the missile
to break lock, or seduce the selected aimpoint away from the most vulnerable areas. A series of proof of concept experi-
ments were conducted to investigate several water screen types. The U.S. Army NVEOD program called FLIR92 was used
to evaluate several imaging systems. The FLIR92 performance output and the water screen effect data, from the proof of
concept experiments, were applied to a modified range detection probability program called ACQUIRE. Real world atmo-
spheric data from the Gulf of Oman were applied to the model. The effect of a water screen over the entire ship, as well as
over specific hot spots, was studied. The water screen suppressed the ship’s IR signature. The degree of suppression was
highly dependent on the quantity and quality of water screen involved.

The concept, proven in experiment and validated by computer models, was then applied to different tactical applica-
tions. The computer simulation shows a 1.2-meter mist screen reduced the detection range by 25% for a destroyer. Present-
ing a bow/stem aspect and a mist screen achieved a detection range that is 63% less than that of a normal beam aspect.
Partial screening may also be use as an effective mean of IR seeker seduction. Furthermore, it may be possible to shift the
seeker aim point to areas of less vulnerability.

DoD KEY TECHNOLOGY AREAS: Electronic Warfare, Sensors, Modeling and Simulation

KEYWORDS: Ship, Infrared, IR, Suppression, Masking, Defense, Stealth

PIN AND MAGNETISM: TWO TRANSFER MATRIX FORMULATIONS OF
A CLASSICAL HEISENBERG RING IN A MAGNETIC FIELD

Randall J. Franciose-Commander, United States Navy
A.B., Assumption College, 1975

Master of Science in Applied Physics-June 1998
Advisor: James H. Luscombe, Department of Physics

Nanometer scale fabrication and experimental investigations into the magnetic properties of mesoscopic molecular clusters
have specifically addressed the need for theoretical models to ascertain thermodynamic properties. Technological applica-
tions germane to these inquiries potentially include minimum scale ferromagnetic data storage and quantum computing.
The one-dimensional nearest neighbor Fleisenberg spin system accurately models the energy exchange of certain planar
rings of magnetic ions. Seeking the partition function from which a host of thermodynamic quantities may be obtained, this
thesis contrasts two transfer matrix formulations of a classical Heisenberg ring in a magnetic field. Following a discussion
of the transfer matrix technique in an Ising model and a review of material magnetic characteristics, a Heisenberg Hamilto-
nian development establishes the salient integral eigenvalue equation. The 1975 technique of Blume et al turns the integral
equation into a matrix eigenvalue equation using Gaussian numerical integration.This thesis alternatively proposes an
exactly formulated matrix eigenvalue equation, deriving the matrix elements by expanding the eigenvectors in a basis of the
spherical harmonics. Representing the energy coupling of the ring to a magnetic field with symmetric or asymmetric
transfer operators develops pragmatically distinctive matrix elements; the asymmetric yielding a simpler expression. Com-
plete evaluation will require follow-on numerical analysis.
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KEYWORDS: Nanomagnetism, Heisenberg Ring in a Magnetic Field, Magnetic Molecular Clusters, High Spin Molecule
Thermodynamics, Partition Function Generation Via Approximate Versus Exact Matrix Eigenvalue Equation Formulations

DISCRETE-MODE SOURCE DEVELOPMENT AND
TESTING FOR NEW SEISMO-ACOUSTIC SONAR

Frederick E. Gaghan, Jr.-Lieutenant, United States Navy
B.S., Hartwick College, 1987

Master of Science in Applied Physics-March 1998
Master of Science in Engineering Acoustics-March 1998

Advisors: Steven R. Baker, Department of Physics
Thomas G. Muir, Chair of Mine Warfare

A seismo-acoustic sonar concept that uses guided interface waves (Rayleigh or Scholte) is being developed to detect buried
ordnance in the sea floor and beach sediments.  This thesis describes the initial research conducted into the design, construc-
tion, and field testing of possible seismic sources that excite preferentially the interface waves desired for use in such a
system.  The theory of elasticity shows that seismic interface waves have elliptical particle velocity orbits in the vertical
plane along the path of propagation.  It was therefore decided that to selectively excite the desired interface waves, a
harmonic source employed at the interface must induce elliptical particle motion in this plane.  Several exploratory sources
were developed to produce this type of excitation.  Field tests of the discrete-mode sources developed were conducted to
evaluate this hypothesis, but due to the non-optimum nature of the experimental sources, perfect discrete source excitation
was not obtained.  However, it was found that the medium itself acted as a selective filter for the interface waves after a few
tens of meters of propagation. The experimental results obtained here suggest that the basic concept of discrete-mode
excitation looks promising.

DoD KEY TECHNOLOGY AREA: Other (Mine Warfare, Mine Countermeasures)

KEYWORDS: Seismo-Acoustic Sonar, Seismic Surface Waves, Rayleigh Waves, Scholte Waves, Buried Ordnance De-
tection, Mine Detection

THE MACH-ZEHNDER COUPLER
Joseph S. Gildersleeve-Lieutenant Commander, United States Navy

B.S., Pennsylvania State University, 1984
Master of Science in Electrical Engineering-December 1997

Master of Science in Applied Physics-December 1997
Advisors: John P. Powers, Department of Electrical and Computer Engineering

D. Scott Davis, Department of Physics

This thesis is the second in a series which investigates the possibility of creating a code-shift-keying (CSK) optical receiver
using single-mode 2x2 couplers and fiber optical delay lines to construct Mach-Zehnder couplers which comprise the main
building block of the CSK receiver.  There were two main goals of this thesis research.  The first was to investigate design
and construction modifications which would lower the system loss of a previously designed Mach-Zehnder coupler.  As a
result of this research, the system loss was reduced from 10.5 dB to 3.3 dB by changing the design to eliminate an unneces-
sary stage and by replacing several mechanical connections with fusion splices.  The second goal was to find a method to
measure the inherent phase shift of a 2x2 fiber optical coupler.  Two separate methods were developed and implemented,
and a third previously developed method was used to verify the results.  All three methods provided experimental values
between 145∞ and 149∞.  This thesis develops the theory that explains the discrepancy between the measured values and
the ideal value of 180∞ for the inherent phase shift
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CHARACTERIZATION AND MAGNETIC AUGMENTATION OF
A LOW VOLTAGE ELECTROMAGNETIC RAILGUN

John P. Hartke-Captain, United States Army
B.S., United States Military Academy, 1988

Master of Science in Applied Physics-December-1997
Advisors: Richard M. Harkins, Department of Physics

William B. Maier II, Department of Physics

In the near future armored vehicles will be fielded with reactive armor which cannot be defeated by today’s chemically
propelled munitions. Today’s munitions are limited to muzzle velocities less than the speed of sound in the chemical
propellant which is about 1.8 km/s. Electromagnetic launch technologies have the ability to launch projectiles at velocities
in excess of 2 km/s and may be able to defeat the reactive armor. Not only can electromagnetic launch technologies be used
as an anti-tank weapon, but also it can be used as anti-missile defense.
     To investigate electromagnetic launch technologies and the effects of augmentation a 44 cm railgun was constructed and
tested. The railgun was powered by a capacitor bank of fourteen 330 V, 600 mF capacitors. The velocity of the projectile,
the voltage across the capacitors and the current through the rails were measured. The augmentation of the gun with a
permanent magnetic field increased the velocity of the projectile by 85% while air injection augmentation had no effect.

KEYWORDS: Electromagnetic Railgun, Electromagnetic Launch Technology, Railgun Augmentation

DoD KEY TECHNOLOGY AREAS: Conventional Weapons, Electronics, Ground Vehicles

OPTIMUM SYMMETRICAL NUMBER SYSTEM PHASE SAMPLED
 DIRECTION FINDING ANTENNA ARCHITECTURES

Thomas N. Hatziathanasiou-Major, Hellenic Air Force
B.S., Hellenic Air Force Academy, 1984

Master of Science in Applied Physics-June 1998
Advisors: Phillip E. Pace, Department of Electrical and Computer Engineering

David D. Cleary, Department of Physics

A new interferometer direction finding array architecture based on the optimum symmetrical number system (OSNS) is
presented. OSNS arrays are capable of unambiguous high-resolution direction finding with as few as three elements, with
multiple baseline options. The OSNS DF antenna architecture being investigated uses the OSNS to decompose the analog
spatial filtering operation into a number of parallel sub-operations (moduli) that are of smaller complexity. One two-ele-
ment interferometer is used for each sub-operation and only requires a precision in accordance with its modulus. A much
higher spatial resolution is achieved after the sub-operations are recombined. By incorporating the OSNS concept, thedynamic
range of a specific configuration of antenna element spacings and comparator arrangements can be analyzed exactly. In this
thesis, the OSNS DF antenna concept was demonstrated experimentally, by designing, fabricating and measuring the per-
formance of a three-element array at 8.5 GHz. These three elements are grouped into two pairs (channels) according to the
set of relatively prime moduli (in

1 
= 6, in

2 
= 11). A mixer is used to determine the phase difference between each pair of

elements. The output voltage from the mixer in each channel is a symmetrical folding waveform that is DC biased and
amplified using a summing amplifier. The output voltage of the amplifier is amplitude analyzed using a small comparator
ladder. An EEPROM is used to recombine the results of these low precision channels to yield the high resolution direction
of arrival (DOA). Simulated and experimental results are presented and compared.
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REAL-TIME 3D SONAR MODELING AND VISUALIZATION
Timothy M. Holliday-Lieutenant, United States Navy

B.S., University of New Mexico, 1990
Master of Science in Applied Physics-June 1998

Advisors: Kevin B. Smith, Department of Physics
Don Brutzman, Undersea Warfare Academic Group

Virtual world simulations are realistic when each individual component is simulated in a manner that reflects reality. For an
underwater virtual world that simulates acoustic detection, a physically based sonar propagation model is required if ranges
in excess of tens of meters are expected.

This thesis creates an application programming interface (API) for realtime 3D computation and visualization of acoustic
energy propagation. The API provides features for generating complex physically based sonar information at interaction
rates, and then visualizing that acoustic information. The simulation is programmed in Java and runs either as a stand-alone
program or as a script in a web browser. This program generates Virtual Reality Modeling Language (VRML 97) compliant
code that can be viewed from any VRML-capable browser. This approach allows the characteristics of the energy propaga-
tion to be calculated with high precision and observed in 3D.

As sonar system information bandwidth becomes larger, more intuitive ways of presenting information to a user will be
required. Higher information density in a more intuitive format can free the user from integrating the data himself and allow
quicker reaction times. This thesis and the API provide the foundation for fundamental advances in sonar modeling and
visualization.

DoD KEY TECHNOLOGY AREA: Modeling and Simulation

KEYWORDS: Modeling, Simulation, Sonar, Ray Tracing, Visualization, VRML

DESIGN, CONSTRUCTION, AND OPERATION OF THE NAVAL POSTGRADUATE SCHOOL’S
 ULTRAVIOLET IMAGING SPECTROMETER

Todd A. Hooks-Lieutenant, United States Navy
B.S., Virginia Military Institute, 1989

Master of Science in Applied Physics-December 1997
Advisors: David D. Cleary, Department of Physics

Donald L. Walters, Department of Physics

Hyperspectral imaging spectrometers produce an image comprised of the standard two-dimensional spatial scene and the
corresponding spectra of each scene.  Hyperspectral imaging is a relatively new and fast growing field with both commer-
cial and military applications.  Commercial applications vary from vegetation identification and mapping, surface geologi-
cal identification and mapping to atmospheric composition and mapping.  Military applications include target identification
and classification, airborne chemical identification and mapping, and rocket plume identification.
     This thesis describes the design and operation of the NPS Ultraviolet Imaging Spectrometer (NUVIS).  NUVIS is a
hyperspectral imaging spectrometer designed to investigate the ultraviolet region of the spectrum.  NUVIS is comprised of
a scanning mirror, telescope assembly using an off-axis parabolic mirror, a slit, a flat field imaging diffraction grating, an
image intensified camera assembly, and the support/controlling electric and electronic hardware and software.  This is part
of a continuing project to build, test and use this sensor in support of military and government agencies.
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Master of Science in Applied Physics-December 1997
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This thesis research presents an algorithm for the precise determination of the Mie extinction efficiency parameter.  The
mathematical representation of the Mie parameters is in the form of an infinite series, and any technique that could be found
to accelerate the convergence of the Mie series would have great commercial and military application.  Results are pre-
sented that show the comparison of the rate of convergence obtained by directly summing the individual terms of the
extinction efficiency parameter and the rate obtained using an existing series acceleration technique.  It was found that the
acceleration method employed, known as the Levin method of series transformation, proved unsuccessful in accelerating
the convergence of the Mie series.  However, other acceleration techniques exist and should be explored.

KEYWORDS: Mie Scattering, Levin Method, Series Acceleration

DoD KEY TECHNOLOGY AREAS: Environmental Quality, Sensors

SIMULATIONS OF THE LOS ALAMOS NATIONAL LABORATORY (LANL)
1 KW REGENERATIVE AMPLIFIER FREE ELECTRON LASER (FEL)

Mark D. Kesselring-Lieutenant, United States Navy
B.S., University of Colorado, Boulder, 1991

Master of Science in Applied Physics-December 1997
Advisor: William B. Colson, Department of Physics

Second Reader: Robert L. Armstead, Department of Physics

The development of a high average power FEL for military applications would represent a significant improvement in
missile defense, especially shipboard self-defense.  The LANL regenerative amplifier FEL (RAFEL) is designed to produce
an average output power of 1 kW.  This FEL represents a significant increase in average power demonstrated in an FEL
provides a test of the concept of combining the FEL oscillator and amplifier designs.  Simulations were performed to better
understand the physics behind the LANL RAFEL operation.
     Simulations study the transverse effects due to optical guiding by the intense electron beam and feedback.  These
simulations are applied to optimizing the undulator taper rate, feedback optimization, and initial phase velocity.  Additional
simulations study the longitudinal effects due to short electron pulses and optical pulse development over multiple passes.
Finally, simulations of the RAFEL design using an ideal beam expand on understanding of the design’s basic characteristics
and limitations.

KEYWORDS: Free Electron Laser, FEL, LANL, RAFEL, Missile Defense, Simulations

DoD KEY TECHNOLOGY AREAS: Directed Energy Weapons, Surface/Under Surface Vehicles - Ships and Water-
craft, Manufacturing Science and Technology (MS&T)
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Advisors: David C. Jenn, Department of Electrical and Computer Engineering
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The objective of this thesis is to investigate and evaluate the effectiveness of ship radar cross section (RCS) reduction in the
high frequency (HF) band by means of shaping. The study is based on a computer simulation which uses the method-of-
moments to compute the RCS of a number of conventional and shaped ship geometries. It was found that a ship with canted
deckhouse walls and a standard hull had little reduction in RCS relative to a conventional ship. This result shows that
shaping is not as effective at these frequencies (3-30 MHz) as it is in the optical region. The hull is the major contributor to
RCS near broadside. Shaping the hull did reduce the RCS slightly for the frequencies and elevation angles investigated.

DoD KEY TECHNOLOGY AREAS: Electronics, Sensors, Surface/Under Surface Vehicles-Ships and Watercraft, Mod-
eling and Simulation
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 David D. Cleary, Department of Physics

Wireless communication is currently in a state of rapid evolution. This evolution is driven by the numerous advantages of
the wireless networks. One major constraint to this evolution is the lack of standardization. Also a major concern are
theinterference problems of the signal at the reception point caused by the multiple paths that the electromagnetic waves
travel (multi-path interference).

This thesis presents two separate simulations. In the first, a realistic physical model of a wireless local area network is
developed. In this simulation, the multi-path interference at the reception point is investigated. The results of this physics-
based simulation are used to assess an important assumption in the second simulation.

In the second part, we examine the reliability of the wireless standard for the medium access control (MAC) layer,
using CACI COMNET III network simulation software. This standard was published in 1997, by the IEEE’s working group
802.11 and in this thesis is tested and analyzed under different network loads. One major result is that the optimum load for
a five working stations wireless LAN, is from 80 to 200 packets per second. Below that load range the channel utilization is
small and above that the network is overloaded.

DoD KEY TECHNOLOGY AREAS: Computing and Software, Modeling and Simulation

KEYWORDS: Multipath Interference, Irradiance, Wireless Local Area Networks, CSMA\CA Wireless I-AN Protocol,
Channel Utilization, Packet Delay
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The Free Electron Laser (FEL) is a potential solution for the U.S. Navy’s anti-ship missile point defense by providing an
evolutionary increase in weapon accuracy. To become an effective weapon, the FEL will need to provide an average optical
power of approximately one MW. Towards this goal, the Thomas Jefferson National Accelerator Facility (TINAF) in New-
port News, Virginia is constructing the first kW EEL, and desires to improve the design to 20 kW while maintaining less
than 6% energy spread. Using a klystron undulator is one potential way to accomplish this. Given design parameters of a
proposed free electron laser by TINAF, this study quantifies via simulation the behaviors of gain, power and energy spread
as functions of desynchronism and a klystron’s disperse strength. Specifically, it shows that a conventional undulator
appears capable of meeting all TINAF design requirements.

DoD KEY TECHNOLOGY AREA: Directed Energy Weapons

KEYWORDS: Free Electron Laser, Undulator, Klystron
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Master of Science in Applied Physics-December 1997
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering

Second Reader: Xavier K. Maruyama, Department of Physics

An autonomous vehicle must be able to determine its global position even in the absence of external information input. To
obtain reliable position information, this would require the integration of multiple navigation sensors and the optimal fusion
of the navigation data provided by them.
     The approach taken in this thesis was to implement two navigation sensors for a four-wheel drive and steer autonomous
vehicle: An inertial measurement unit providing linear acceleration in three dimensions and angular velocity for the vehicle’s
global motion and shaft encoders providing local motion parameters. An inertial measurement unit is integrated with the
Shepherd mobile robot and data acquisition and processing software is developed. Position estimation based on shaft
encoder readings is implemented. The framework for future analysis including most general motion profiles have been laid.
     The sensor’s system performance was evaluated using three different linear motion profiles. Test results indicate that the
shaft encoder provide a positioning accuracy better than 99% (typ. 7.5 mm for 1 m motion) under no slip conditions for pure
translational motion. The IMU still requires further improvement to allow for both sensors to be combined to an integrated
system.

KEYWORDS: Robotics, Sensors, Navigation, NPS, Shepherd, Rotary Vehicle

DoD KEY TECHNOLOGY AREAS: Sensors, Ground Vehicles
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NPS Combat Systems students learn systems engineering through a series of courses in design, development, implementa-
tion, and testing and evaluation.  In the last of this series of courses, students design an autonomous robot capable of
searching, acquiring, and tracking another autonomous robot having similar capabilities.  The project culminates in the
Robot Wars Competition, where groups of students have their robots battle each other.
     This thesis is the second in a series designed to realistically simulate the robot wars battles.  The end-to-end functionality
of the optical detection system is modeled, and the necessary physics are implemented for effective simulation and depic-
tion.  The model uses a transfer function approach and includes all physical processes, from initial optical beacon emission
to final digital control signal.  Exercising the model over time using realistic robot inputs yields a simulation that closely
replicates real behavior.  A Virtual Reality Modeling Language (VRML) program uses data files of each Simbot’s move-
ment to generate a 3-dimensional animated scene of the detection sequence.  This implemented optical model effectively
simulates the SE 3015 robot optical detection system and can reproduce an actual detection and tracking sequence between
two robots.

KEYWORDS: Optics, Models, Simulation, Robots

DoD KEY TECHNOLOGY AREAS: Computing and Software, Electronics, Modeling and Simulation

COMPUTER PROGRAMS SUPPORTING INSTRUCTION IN ACOUSTICS
Kevin A. Melody-Lieutenant, United States Navy

B.S., United States Naval Academy, 1992
Master of Science in Engineering Acoustics-March 1998

Advisor: James V. Sanders, Department of Physics
Second Reader: Kevin B. Smith, Department of Physics

Acoustics is a field of study not easily understood and laboratory experiments which might shed light on problems in
acoustics are complex and expensive to accomplish. Computers have become a valuable tool in many fields of study in
order to examine complex problems which would be difficult and expensive, if not impossible to study using traditional
methods. This thesis is an extension of work previously completed by Thomas Green to support instruction utilizing the
text, Fundamentals of Acoustics, Third Edition, John Wiley & Sons, Inc., by Coppens, Frey, Kinsler, and Sanders. The
fourth edition of Fundamentals of Acoustics is currently in revision and the computer programs explained in this thesis will
be used to support it. All programs utilize MATLABTM, a widely accepted programing language for accomplishing numeri-
cal analysis of engineering problems. The benefit of these programs will be very dependant on students using them in
conjunction with the text.

DoD KEY TECHNOLOGY AREA: Computing and Software

KEYWORDS: Acoustics, MATLAB
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Laser radar for vibration analysis represents a military application to develop a target identification system in the future.
The problem addressed is how to analyze the vibrations of a target illuminated by the laser radar to achieve a positive
identification.

This thesis develops a computer-based data acquisition and analysis system for improving the laser radar capability.
Specifically, a review is made of the CO

2 
laser radar, coherent detection, and data acquisition software and signal process-

ing. These aspects form the basis for a laser radar system, using LabView software for data acquisition and signal analysis,
which is capable of detecting vibrations from a stationary target. The laser radar was able to detect the frequencies of
vibration of a test target. All the data can be recorded by the system. The laser radar presented could be used for further
development and production of a target identification system.

DoD KEY TECHNOLOGY AREA: Sensors
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SIMULATIONS OF LOS ALAMOS NATIONAL LABORATORY (LANL)
REGENERATIVE MEGAWATT FREE ELECTRON LASER AMPLIFIER
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Master of Science in Applied Physics-December 1997
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The development of a speed-of-light hard-kill weapon system for military applications represents a significant advance-
ment in technology over present conventional kinetic weapon systems. Over the past two decades, the U.S. Navy has
successfully developed a megawatt-class chemical laser; however, under some maritime environments, the high power
beam propagation was unable to delivery sufficient energy to kill a modern anti-ship missile (ASM) due to significant
atmospheric absorption and the resulting thermal blooming process. A critical problem to resolve for the shipboard high-
energy laser weapon systems is to develop a shipboard-compatible megawatt-class laser weapon at a wavelength where the
atmospheric absorption is smallest. The megawatt-class Free Electron Laser (FEL) has significant advantages over conven-
tional weapon systems and other chemical high-energy laser systems. Infinite magazine, rapid response, and wavelength
tunability make the FEL a suitable and desirable shipboard weapon system.

This thesis divides into four chapters. Chapters I and II introduce the FEL and background theory of the FEL. Chapter
III explores the analysis of the LANL Regenerative MW FEL Amplifier design and optimizes its efficiency. Lastly, Chapter
IV summarizes the feasibility of achieving the desired efficiency.

KEYWORDS: Free Electron Laser, FEL, MW, LANL, RAFEL, Missile Defense

DoD KEY TECHNOLOGY AREA: Directed Energy Weapons



1998 THESIS ABSTRACTS

46

COMPARISON OF THE UNDERWATER AMBIENT NOISE MEASURED IN THREE LARGE EXHIBITS AT
THE MONTEREY BAY AQUARIUM AND IN THE INNER MONTEREY BAY
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Second Reader: Thomas G. Muir, Chair of Mine Warfare

Ambient underwater acoustic noise recordings were made in three large exhibits at the Monterey Bay Aquarium and the
inner Monterey Bay, with the results reported here. Observed broadband (0-6.4 kHz) acoustic noise levels ranged from 112-
125 dB re 1 µP for the aquarium exhibits under normal operating conditions. Broadband acoustic noise levels of 113 dB and
116 dB re 1 µPa were observed for the nearshore and offshore bay locations, respectively.

A comparison of the noise spectrum in the aquarium’s largest exhibit to that of the environment which it attempts to
simulate, the offshore bay, revealed a higher noise level of approximately 15-25 dB in the exhibit for frequencies between
20 Hz and 6.4 kHz. A similar comparison of the noise spectra of the two smaller exhibits and the nearshore bay location
revealed a difference of approximately 5-10 dB across the entire frequency range of 0-6.4 kHz.

Aquarium measurements with various mechanical equipment (motors, fans, pumps, sprinklers, wave machine) turned
on and off highlighted some of the prominent ambient noise contributors. It was concluded that the pump machinery is the
greatest contributor to ambient noise, with the strength directly related to the exhibits’ proximity to the machinery room.

DoD KEY TECHNOLOGY AREA: Other (Underwater Acoustic Ambient Noise)
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An analysis has been carried out of a data base of polarized long wave infrared images of the instrumented Research Vessel
Point Sur recorded over a period of two days during the EOPACE measurements series in San Diego Bay in 1996. The
measurements were made from a land site on Point Loma with an AGA780 sensor with internally mounted polarization
filters. The objectives of the analysis were to determine a possible influence of target aspect angle on the polarization
signature, to compare polarization contrast improvement in San Diego Bay with previous measurements in the North
Atlantic, and to validate by measurement the estimation of unpolarized signature from vertical and horizontal components.
5508 images representing 70 cases with vertical, horizontal and unpolarized sequences were analyzed. Using a horizontal
polarizer, target to background contrast improvement was found with a mean of 1.08 (8%) compared with the 15% found in
previous measurements. Estimated unpolarized signatures from vertical and horizontal components agreed with unpolar-
ized measurements with a slope coefficient of .85 to .99. Target signature for major ship facets and for total ship showed no
discernable degree of polarization. A total of 37 IDL programs developed for this analysis can be assembled as a package
for future data processing.

DoD KEY TECHNOLOGY AREA: Electronic Warfare, Sensors
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Tiny earth-orbiting spacecraft known as nanosatellites are now possible due to breakthroughs in microelectromechanics
that permit engineers to build extremely small yet fully functional devices. With today’s satellite launch costs averaging
around $20,000 per pound lifted into space, nanosatellites could revolutionize the future of space access by significantly
reducing the size, mass, power requirements, complexity and ultimately the costs of space systems. The small satellite
concept fosters a faster evolution in space science and introduces and tests state-of-the-art space technology. Of the tech-
nologies required to design a miniaturized and yet autonomous vehicle, nanoelectronics is at the forefront.

The field of nanoelectronics is primarily concerned with integrated circuit (IC) technology at geometries well below
100 nanometers. It is in this realm that the quantum mechanical nature of the electron becomes of paramount importance.
With the tools of quantum physics, reduction in the size of individual transistors has yielded the quantum dot; a three-
dimensional structure for confinement of a single electron. The theoretical study in this thesis will show that the width in p-
n junctions is generally
underestimated for curved interfaces by textbook formulas. This result is significant for semi-cylindrical quantum dots
which are the logical result of continued down scaling in semiconductor devices.

DoD KEY TECHNOLOGY AREAS: Space Vehicles, Electronics
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The study of polarization of reflected light and its angular dependence is well documented.  However, most measurements
have been panchromatic in nature, i.e., they were taken over a broad wavelength region.  A few polarization measurements
have examined polarization at several specific narrow wavelength bands.  These measurements can be classified as multi-
spectral.  Thus, previous efforts to characterize an object using polarization have not investigated a hyperspectral polariza-
tion signature.

     This thesis determines the hyperspectral polarization signature of several common materials that are significant to
the military.  A range of materials was examined including camouflage fabrics, military paints, rubber, plastic, taggant, and
glass.  It is shown that a hyperspectral polarization signature, when combined with a hyperspectral reflectance signature
may enhance present capabilities to detect, classify, and identify objects of military significance.  This technique appears
especially promising for dark objects, shiny surfaces, synthetic fabrics, and unpainted metal.

     This combined approach could be realized in a hyperspectral polarimetric imaging satellite.  The utility of designing
such a sensor and many key design considerations are examined.  Preliminary analysis suggests sensor designs for low
earth and geosynchronous orbiting spacecraft may be feasible.  Sensor data rate and signal-to-noise ratio will be the limiting
factors in these designs.
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Infrared remote sensors often detect thermal signatures on surfaces of naval ships induced by heating from internal sources
Once thermal signatures are identified, temperature differences between various surface features can provide indication of
these units’ operational intentions.

This thesis demonstrates how a specific infrared remote sensing platform can be used to exploit signatures of specific
military unites for intelligence Indications and Warning. Through the use of the Multisource Automatic Target Recognition
with Interactive Exploitation (MATRIX) software, 18 infrared images were exploited and analyzed for temperatures. Tem-
perature differentials were obtained between various areas along the hull and compared with departure times. A positive
correlation was shown between temperature values over 60 C and departure of the selected units (U).

DoD KEY TECHNOLOGY AREAS: Space Vehicles, Other (Intelligence, Indications and Warnings (I&W))
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The fundamental goal of this thesis is to determine the geoacoustic parameters of a shallow water seabed using direct
analysis methods on ambient noise and broadband explosive acoustic data.  All data considered are from the Mid-Atlantic
Bight shelf break experiment that was conducted from 19 July to 9 August 1996.  Simple, theoretical treatments of acoustic
propagation in a shallow-water waveguide are applied to specific, measurable quantities in the data which can be inverted
directly to produce estimates of bottom compressional sound speed, density, and attenuation.  Shear influences are ne-
glected throughout.  Specifically, vertical coherence of the ambient noise is used to determine the sound speed contrast at
the water/bottom interface, mode travel times extracted from spectrograms of explosive data are used to estimate bottom
density based on the concept of an ideal waveguide effective depth, and mode attenuation as a function of range extracted
from similar spectrograms are employed to estimate attenuation.  These direct inversion methods are less accurate than
sophisticated matched field processing techniques or direct core measurements, but they do provide a relatively simple
means of obtaining reasonable estimates of ocean bottom parameters from minimal information.

DoD KEY TECHNOLOGY AREA: (Other) Environmental Characterization
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DESIGN, CONSTRUCTION AND TESTING OF AN AUTONOMOUS MINE HUNTER
Jeffrey A. Schmidt-Lieutenant, United States Navy

B.S., University of South Carolina, 1988
Master of Science in Applied Physics-December 1997

Advisors: Richard M. Harkins, Department of Physics
Xiaoping Yun, Department of Electrical and Computer Engineering

Landmine detection is an immense technological problem. A small, low power metal detector would find application in
concert with other search technologies. A detection circuit was designed and constructed consisting of a search coil and a
CMOS exclusive OR gate forming an oscillator. This was interfaced to a microprocessor which counted the pulses from the
oscillator and decided whether a detection had been made. Detection range for an anti-personnel mine like object was 14 cm
at the coil centerline. A robot platform to autonomously search for landmines was constructed.

KEYWORDS: Landmine, Induction, Robot, Microprocessor
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This dissertation provides experimental observations and analyses that associate low-latitude transionospheric signal scin-
tillation with transequatorial VHF radio propagation and errors in transionospheric geopositioning.

The experiment observed equatorial-region ionospheric total electron content (TEC) derived from Global Positioning
System (GPS) signals using receivers on Oahu, Hawaii, Christmas Island, and Rarotonga, Cook Islands. The experiment
simultaneously measured VHF transequatorial propagation of VHF television signals from Hawaii to Rarotonga.

Analysis shows that a moving second moment of vertical-equivalent TEC strongly correlates to each VHF transequatorial
radio propagation event. From experimental observation analysis, the author develops models for prediction of TEP and
time-space distribution of low-latitude transionospheric scintillation.

The author also develops equations that show the potential errors in time, frequency, and angle used in geopositioning
solutions. These three parameters are potentially correctable using these techniques.

DoD KEY TECHNOLOGY AREA: Sensors
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As a consequence of the ever-shrinking sizes of nanoelectronic devices, hitherto neglected quantum effects, such as tunnel-
ing, are becoming important for device characterization.  The study of electron reflection and transmission probabilities at
potential barriers is one of the important areas of active research in this field.

     Analytic solutions for the quantum-mechanical transmission coefficient through a potential energy profile of arbi-
trary shape do not exist.  One conceivable method for finding the transmission coefficient through such a potential involves
transfer matrices.  This technique is numerically limited, unfortunately, and fails to provide adequate results for potentials
of interest in the development of practical nanoelectronic devices.  However, within its capabilities, the transfer matrix
method is a useful reference to which other results may be compared.  Another method, utilizing backward recurrence, has
been proposed as a numerically stable alternative for calculating the transmission coefficient through such potentials.  This
second method has yet to be widely applied.
     This thesis investigates the capabilities and limitations of each method, with an emphasis on their scope of applicability.
Extensive programming, in the C language, has been done to examine the two methods.  Output from these programs has
been analyzed, and the backward-recurrence method has been shown to have wider applicability, and to be faster and much
more numerically stable.

KEYWORDS: Nanoelectronics, Device Modeling, Numerical Methods, Numerical Instability, Quantum Physics,
Quantum Transmission Coefficient
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As the Navy’s role as peace enforcer in support of ground troops draws Navy combatants into the littoral warfare environ-
ment, surface combatants will have to deal with decreased reaction times while engaging ever-faster anti-ship missile
threats. The Phalanx Close-In Weapon System (CIWS) does not offer sufficient accuracy or engagement ranges to fight
these threats, and conventional chemical lasers, which operate at fixed wavelengths, lack the tunability to operate in a
dynamic ocean environment.
      The Free Elctron Laser (FEL) offers the wavelengh tunability, fast reaction times, and the pinpoint accuracy necessary
to ensure protection of Navy surface combatants into the future. In support of this goal, the Navy is funding a proposed 20
kW FEL at Thomas Jefferson National Accelerator Facility (TJNAF) in Newport News, VA. This FEL will feature a klystron
undulator, designed to improve gain in weak optical fields, and a loop that will feed electrons back to the accelerator.
Simulations in this thesis vary the dispersive section strengths of the klystron undulator and desynchronism between the
optical and electron pulses in order to find dispersive strength and desynchronism values that optimize the effects on final
power and weak-field gain, while maintaining an electron energy spread less than TNJAF’s goal of 6% to ensure proper
feedback of electrons to the accelerator. Results show TNJF’s 20 kW FEL design will reach a final power of 19.2 kW with
an energy spread of 6% at desynchronism of d  = 0.03 using a conventional undulator.
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Both locally (San Francisco Bay Area) and nationally, evidence is mounting that particulate matter poses a serious health
risk. Locally, concentrations of 10-micron particles are highest on cold nights, during the months of December and January.
Analysis of the composition of these 10-micron particles suggests that a large percentage is wood smoke. Currently, there
are no adequate ways to estimate the number of lit fireplaces on a given night. NASA Ames Research Center, the Naval
Postgraduate School, and San Francisco Bay Area Air Quality Management District performed a joint research project to
determine the feasibility of using thermal imagery to detect lit fireplaces.

      This thesis addresses the use of an airborne multi-spectral remote sensing system to detect lit fireplaces. The focus
is on the remote sensing equipment used for fireplace detection, the development of the test plan, airborne data collection,
ground truthing and data analysis.

KEYWORDS: Remote Sensing, Multi-Spectral, Environmental Quality
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From the summer cruise of the Mid-Atlantic Bight Experiment, conducted jointly by the Naval Postgraduate School, Uni-
versity of Rhode Island, and Woods Hole Oceanographic Institution, a study of acoustic plane-wave variability in the region
of Mid-Atlantic Bight shelf break was conducted.  The period of the experiment was from 19 July to 09 August 1996.  The
experiment consisted of a suite of acoustic and oceanographic sensors including three 400 Hz (100 Hz bandwidth) trans-
ceivers, one 224 Hz (16 Hz bandwidth) transceiver and two vertical line arrays (VLAs).  This study involved the signal
processing of data collected by a telemetry buoy, an analysis of the spatial and temporal coherence of the phones and beams
of the vertical array, and the tidal and seasonal variabilities of plane-wave arrivals at the vertical array.  Results of the
changes in arrival time of the beams, the horizontal displacement of the front, the changes in the speed of propagation of the
wave, and the change in the water temperature are discussed.

KEYWORDS: Mid-Atlantic Bight, Ocean Acoustics, Plane-Wave Beamforming, Temporal Coherence, Spatial Signal
Processing, Shelf Front Tidal Response
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The research described in this thesis is a continuation of work started by the Applied Research Laboratories of the Univer-
sity of Texas at Austin into the analysis of biosonar signals.  Experiments conducted in 1997 on two species of small toothed
whales found these species to emit significant high frequency signal components, extending to as high as 400 to 500 kHz.

To assess the importance of these high frequencies in dolphin echolocation and target identification, experiments were
performed in which an acoustic filter, used to suppress the high frequencies, was placed between a dolphin and a target.
Insertion Loss and Reflection Loss measurements performed on _” thick and _” thick Sound Absorbing Filters (SOAB)
demonstrated their effectiveness at absorbing high frequencies above 150 kHz, with little reflectivity.

The results from one echolocation experiment, with one dolphin, showed the animal’s ability to classify targets was
essentially unaffected by the insertion of the filters.  Analysis of the dolphin’s echolocation signals showed the animal
definitely compensating for the filters, by increasing its sound energy output, especially at frequencies above 100 kHz.  It is
anticipated that this initial experiment will lead to future research in explaining the existence of these high frequency
echolocation components.

DoD KEY TECHNOLOGY AREA: Other (Biosonar and Mine Detection)
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Subscale rocket motors were fired and the plume signatures were measured in the infrared (IR) and ultraviolet (UV) wave-
length regimes.  Band-averaged and spectral data were recorded using an SR5000 IR spectrometer (2.5 to 5.5 µm range), an
Agema 870 IR thermal imaging camera (3.5 to 5 µm range), and the Naval Postgraduate School UltraViolet Imaging
Spectrometer (NUVIS) (325 to 405 nm range).  Rocket motor nozzle geometries were varied to determine the effects of
over- and under-expansion on the plume band-averaged intensity and spectra.  Four different solid rocket propellants were
used: X-61, NWC-278, AC-13, and AC-14.  The enhanced mixing nozzle, used in conjunction with the X-61 propellant,
reduced the plume signature in both the UV and IR regions.  The total UV intensity of the plume decreased by about 30%
and varied as function of distance from the rocket nozzle.  The intensity difference was more pronounced at shorter wave-
lengths (325-385 nm) than at longer wavelengths (385-405 nm).  The difference in power was not as large in the IR region
(about 7%).  Intensity results from the analysis of the NWC-278, AC-13, and AC-14 runs were inconclusive.  Data from the
NUVIS and Agema instruments were used to create spectra for each of the propellants.  While distinct features were
discernible in the UV spectra, they could not be identified with a specific atom or molecule.  The IR spectra were character-
ized by several molecular bands attributed to a combination of CO

2
, H

2
O, and HCl.
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This thesis seeks to determine if the path of motion of the knee in passive flexion results from the minimization of potential
energy in the joint ligaments. To investigate this hypothesis, a simulation modeling both collateral and cruciate ligaments
was developed, with each cruciate ligament represented as two separate fibers. The model computed almost 8000 possible
orientations of the femur during flexion through 120, with the surfaces of the femur and tibia serving as a constraint to
motion. Each orientation of the femur inherently provided the position of the individual ligament attachment points, from
which the extension or contraction and the potential energy of the ligament were derived. The energy of the entire six-
ligament system resulted from the summation of the potential energy of individual ligaments. For each 10 of flexion, the
femur position that produced the minimum energy of this six-ligament system was identified. Finally, the motion of the
femur as it followed these positions was evaluated: it did not mirror known joint motion. There are several areas where
further refinement of the simulation can be made before a complete evaluation of the hypothesis can be made.

DoD KEY TECHNOLOGY AREA: Biomedical
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FLIR sensor maximum range predictions for operational use may be based on the intersection of apparent target contrast
temperature difference (DT

app 
) and sensor minimum resolvable (MRTD) or minimum detectable temperature difference

(MDTD), each expressed as a function of range. Ranges obtained using the SEARAD code (MODTRAN modified for sea
surface radiance) are compared with those based on Beer’s Law with constant extinction coefficient.    Physical and meteo-
rological parameters for the common scenario were taken from the database of the EOMET95 measurements in Monterey
Bay, with the research vessel Point Sur as instrumented target and measurement platform. MRTD and MDTD functions
were developed as functions of range for a generic Common Module FLIR using the Johnson Criterion for resolution with
a parallelepiped geometry model of the Point Sur. The Beer’s Law results underestimate the SEARAD-based ranges by
approximately 50% for detection but less for classification and identification. Replacement of Beer’s Law with MODTRAN-
computed transmittance reduces this discrepancy. SEARAD-based modeled sea radiance and short range contrast tempera-
ture show unexpected variation with range.

KEYWORDS: Atmospheric Optics, Infrared Sensors, FLIR
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